Using the theory of recurrence we obtain recurrence plots for site series which reflects information flows. We research the possibility of using numerical measures of recurrence plots for analysis of information flows. We explain meanings of each measure, such as LL, L, RR, DET, CLEAN, TT, in our case. We have proved the possibility of using these measures as indicators for systems of Internet content-monitoring. Keywords: mathematics of computing, information flow, information analysis, recurrence plot.
Introduction
The information space and its display in the Internet has become an arena for a permanent confrontation at present. In modern "hybrid" wars information operations are one of the leading means to achieve main goals. Formation of information space by triad "Media-Social-State" implies a close relationship and mutual influence of elements of this triad.
The use of information operations to change the state of society is the most effective means of influencing the public authorities. Large number of stakeholders can simultaneously carry out various operations that serve different purposes in the information space:
-the impact on society through the media in order to cause the desired reaction; -directly impact on society in order to cause the necessary state actions through media coverage of these events; etc. Very often, these operations represent a direct threat to the security of society and state. Information operations often cannot be conducted without prior preparation. The key to success is the careful preparation of the medium. According to it, the presence of appropriate technology for monitoring and analysis of the information space can be deciding factor for the stability of the state. The main objective of this study is to develop mathematical indicators that can be used for monitoring of the information space, and can be incorporated into the relevant software solutions.
Previous research
The Internet is one of the biggest arenas of information warfare, as well as a source of data for analysis. The main ease of use Internet is the ability to exercise direct content monitoring in posts, publications, blogs, etc. in accordance with the thematic streams (some topics that are most significant for the researcher).The analysis of the information flows generated in the web space is now one of the most informative methods for studying the relevance of various thematic areas. The behavior of information flows is closely related to factors, many of which are not amenable to precise analysis. However, the general nature of the time dependence of thematic publications on the Internet allows the construction of mathematical models. The notion "information flow" refers to the normalized and smoothed number of messages daily electronic media that have been fixed by content monitoring system and meets certain verbal model.
The author has developed verbal patterns for different information flows that characterize the civil activity, obtained corresponding series (Baranovskyi, Kachinskyi and Dobrovolskyi, 2012) . Figure 1 shows the information flow with reflect such kind of activity as "Demonstrations" during 3 years. The results of fractal analysis showed that information flows that reflect social activity, often are not random but have properties of realizations generated by chaotic systems. Each of the streams has the presence of long memory. There are irregular cycles with different lengths in information flows . Figure 2 shows the Hurst exponent estimation of information flow "Demonstrations". With help of procedure Packard-Takens, which help restore the phase trajectory by one implementation (Takens, 1981) , we have built phase trajectories of information flows. Figure 3 shows reconstructed phase trajectory of information flow "Demonstrations". However, the simple reconstruction of the phase space does not allow make firm conclusions about the changes of the quantitative characteristics of the trajectory. Therefore it's necessary to find mathematical indicators of the changes in phase trajectory.
Method
The method or recurrence plots was proposed by Eckmann (1987) . With the help of it we can display mdimensional phase trajectory of states into the two-dimensional square binary matrix, where 1 (colored dot) corresponds to a repeating of the state at time iat other time j, and both axes are axes of time.
where N -count of states x i ,ε i -size of vicinity, Θ -Heaviside function. The recurrence expressed in sufficient proximity of state x i to the statex j .
Original purpose of recurrence plots -visual analysis of the trajectories in the phase spaces of higher dimensions; it can provide insight into the evolution of these trajectories over time. Figure 4 shows the recurrence plot of information flow "Demonstrations". There is conclusion that the structure of the same series in its various parts is quite different. It is obvious that the structure formed by recurrence plots can be analyzed by some numerical ways.
There are some mathematical measures which can be calculated with fixed value of ε (Kiselev, 2007) . The recurrence rate:
This rate shows probability of fixation recurrence point in recurrence plot. In our case recurrence rate can shows probability of repeating state of information flow which reflects actions in social system.
The determinism:
The measure of determinism provides information about measure of predictability of the information flow.
The average length of the diagonal lines:
In general this is the average time during which the two sections pass path close each other, and can be considered as the average time predictability. But in case of presence hidden cycles in can be the average length of cycles.
The laminarity:
The laminarity (the ratio of the number of recurrence points, forming a horizontal line, to the total number of recurrence points) characterized by the presence of fading states of the system. In these statuses system motion by phase trajectory is stopped or moving very slowly).
The trapping time:
The average length of horizontal structures called trapping time. It characterizes the average time that system can take place in an unaltered state. In our case it is state of no impacts or impact balance.
The cleanness:
The cleanness shows impact of stochastic component process. According to it changes in this rate can provide information about controllability of whole social system. All these measures (LL, L, RR, DET, CLEAN, TT) can be used for characterizing the state of information flow. But the main goal is estimate the dynamics of them.
In this work we have used the method of "sliding window" with different size of "windiow" for source time series and calculated all provided rates on each step. Behaviors of calculated rates became the indicators of changes in information flows. For example, Figure 6 demonstrates the behavior of CLEAN for flow "Demonstrations". According to the Figure 6 we can conclude that CLEAN became decrease. It means that influence of stochastic part decreases, which indicates the growth of determinacy (manageability).
Results
This article continues the series of works devoted to fractal analysis of time series that reflects the information flow.
In this paper we considered the possibility of applying the theory of recurrence plots for the analysis of information flows. The measures (LL, L, RR, DET, CLEAN, TT) that provide numerical analysis of recurrence plots were researched in view of it applicability.
It has been shown that the dynamics of measures of recurrence plots with using of the "sliding window" can be used as an indicator of the behavior of the information flow.
These indicators have been introduced into the information system of content-monitoring for analysis of the information space.
